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THE IMPERIAL SMELTING FURNACE FOR THE
SINULTAMEQUS RECOVERY OF LEAD AND ZINC
IN DEVELOPING COUNTRIES

by
8. BARLIN
SYNDPSIS
1. The paper describes the history, geclogy end metsllurgical

flousheet of the Zambie Broken Hill Developmant Company. The Company
is the only mining and metallurgical complex, incorporsting an Imperial
Smelting Furnace operating in a developing country.

2. The history of the Company is uutlined since it's discovery in
1904 snd traces the mining and metallurgical development from the
crudest zinc csalcining operation to “he present complex which

incorporates the Imperial Smelting Furnace.

3. Since lambie achieved tne status of an Independsnt Republic

in 1964 the emphasis has been on training the local lembisn labour
force to higher skills of operation and maintenance. Because of the
importance of this aspect in the oparation of e sophisticeted plant
the subject is treated in some deteil in order to vutline the methods
utilised to analyse the jobs necessary to retionalise the labour force,
80 thet adequate tralning st all levels can be provided.

L, The supply of eguipment and materials from sources long
distances eway from the mine causes sharp rises in Capital outley which
the Company must make svailable by incressing etores stock holdings.

Se The distribution and sales of finished producte, to Customers,
who more and more are tending to arise outside of Zembie, is adversely
affected by the location of the Company, which is some 1,300 miles by
rail from the nearsest sesport.

6. Deepite all these factors production hes increased guite
steedily end as long as the conditions for efficient operstion

continua, the Imperial Smelting Furnace cen gnd will continue to play
an sver increseing roie in tha prosperity of the Company end Country.
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INTRODUCT 10N

7. Tha United Netions has, for statisticsl purposss, defined the
main developing areas as Latin America, Africe excluding South Africs
and Asia excluding Japan, The Imperial Smrlting procass for the

simul tanmous production of Laad and Zinc in a blast furnace i8s a
relatively new process. 1t was developed by the Imperial Smalting
Corporation at Avanmouth in England during the 1950's., 0f the eleven
furnaces now operating throughout the world, the developing countries
bomst but one of these plants whi-h is situsted at Habuwe in Zmmbie end
aperated by the Zsmbia Broken Hil)l Develooment Company. The political
implicetions of it's geographic position in reletion to it's neighbours
Rhodesie, South Africe and Portuguese Esst and West Africa have to be
taken into consideration when comperisons with other Imparial Smelting
Furnace operators are made.

8. Production from the Zambie Sroken Hill Development Company
reprassnts less than one perrent of world production and tha country
{temlf consumes less than one percent of it's own production,

5. The problems of operating an Imperial Smelting Complsx in @&
developing country revolve sround the lsbou* available for such s
sophisticated plant, the transport of speclielised storas and squipment
tc the Mine snd the shipping of the greater proportion of metal output
to oversess customers in Europs, America, Asie and the Far East.




IHE_COMPANY AND 17'S HISTORY
10, It is important to bear in mind that ths Imperial Smelting

Procesa forms only part of a fully integrated mining end metallurgical
complex deeigned to exploit tha mixed leard and zinc sulphide, cxide
snd silicate minerals contained in the ores. To clearly understard
the necaessity for the Imperial Smelting Process a brief resume uf the
historv, geology and metallurgical flousheet is necessary.1*.

11. The Broken Hill deposits were first discovered in Januery, 1902
by T.G. Devey, an Australian prospector, and the Rhodesis Broken Hill
Development Company Limited wae formed in London in November, 1904,

The similarity of the deposits to those cccurring in Broken Hill,
Australia gave the Mine it's name.

12. The orebodies are replacements of the dclomite country rock by
lead and zinc minerals. There are three main orebodies all dipping
steeply but irregularly to the north. They contain the following ore
minerale.

(a) Galena and Zinc Blende (Sphalerite)

(b) Oxioized Lead and Zinc minerals, notably
Carussita, Willemite end Hemimorphite.
Many other minerals are also found including
soma rare minerals such as Hopeite and
Tarbuttite.

(c) The complex lead vanadium minerale Desclolzlte

and Vanadanite.

13. At the outcrop the orebodies were more oOr less completely
oxidized. In depth, they commonly contain a core of massive sulphides,
oxidized locally to a grezter or lesser extent. This core is
surrounded by a shell of silicate ore, chiefly willemite, The
irregulsrity that characterizes the srape cf the orebodies applies

squally to their mincral content, making ore reserve calculations
and the maintenance of a balanced feed to the metallurgical plants
problems of some magnitude.




14, High grade silicate ores were first mined and calcined in

primitive furnaces for export, but in 1907 shipments were discontinued

due to the uneconomic relatinnship of rallage rates to selling prica.
(The rellway reached 8roken Hill only in 1506).

15, 1t was then reslised that a mine so remots from centrss of
consumption must produce the finished metal to be profitable.

16. In June, 1915 a smell lead blast furiace for the treatment of
oxidized lead ores was blown in, and with the installiation of two
other furnaces lead production totalled 4,780 long tons by the end of
1917, In the meantime, investigation of the zinc recovery problems
was continued and intensified, culminating in the commissioining of an
electrolytic zinc plant in 1928 for the recovery of zinc from the
sllicates. Power reguirements were met by the construction of the

Mulungushi River Hydro Electric Power Station 1925.

17, In 1937 the Anglo American Corporation were api “inted managers

and work was started on underground mining and dewatering of the mine.

18. In 175 the Lunsemfuwa River Power Station was commissioned and
a new flotation plant for the concentration of zinc and lead sulphide
minerals was started, At the same time a Newnam Hearth Plant was
conetructed to trzat the high grade leacd concentrate and & Trail type
Flash Roaster was commissioned to roast ttz sphalerite cuncentrate to
augment the electrolytic zinc plant feed, which up to now consisted of
silicate ores alona.

19, In 1953 a new lead blast furnace and sinter plant were
commissioned, mainly Jor the recovery of lead from former waste

dumpa, in particular leach plant residi :s. This plant never
completely fulfilled it's objectives and after = great desl of trouble
was closed down in 1958.

20. At this time however it was becoming increasingly clesr that
if the life of the mine was not to be seriously jespardised, it was
essential to find a sstisfactory answer to the problem of improving




recoveriss end of the treatment of growing stocks of high grade
axidized products and other dump materials which were not amsnable to
treatment by the existing procasses. After exhaustiva sxamination
i1t was decided in 1960 %c instal the Imperial Smelting Furnaca for
the simultsneous recovery of lead bullion and zinc metal of Prime
Western Grade. Thia plant was commissioned in 1962.

THE FLOWSHEETY

21, Tha mined ores esre holetsd to a primary crushing end washing
plant. The -# inch fraction is screened out and transported to the
Sinter Plant. The +/ inch portion ia treated in a Heavy Media Drum
S2parator to removse dolomite waste rock. The sink product is crushed,
ground and treatec in s flotation plant for the recovery aof the
sulphide minerals. The sphalerite concentrate is roastad in the

Flash Roaster and the gases ara converted to sulphuric aclid in a Lead
Chembar Plant.

22, Botb the roaated calcine and tha flotation talling which
contains approximataly 25 percent of oxidizad zinc sre laached
together for the production of elsctrolytic zinc.

23, The feed materials to the Sinter Plant of the Imperial Smelting
Process consist of all the -'% inch materia! from the ore hoisted,

large tonnagea of reclaimed dump raterials, all the lead concentrate
and such calculated tonnages of zinc concentrate to maintain a

minimum of 21 percent lead and 24 percent zinc in the sinter fed to

the furnace. Condenser and lead refinery drosses are also

circulated to the sinter plant. The only fluxing materiasl added to
the charge is pulverised limerock,

24, Final Products include electrolytic zinc (99.9%% zinc),
Prime Western Grade zinc (90.5% zinc) and High Purity lead (99.99+%
lead). Silver and Cadmium metals are also produced as by producte
and in earlier years Vanadium Pentoxide was also produced.




25. Rppendix la, 1b, lc and ld detell e simplified flowsheet for
the metsllurgical operation.

TYE_OPERATION OF THE IMPERIAL SMELTING FURNACE

26. The mechanics of the plant and the principles of the procsss
hevr been adequately describeZ in numarous publications, 2%. In

the Zembia plant of major importance is the successful control of the
slageing operation and of the condensar system fu. zinc vapour, in wnich
molten leed is circulated at approximetely 2,000 tons per hour. Theea
funcli~1s are largely dependent upon manuel operations cesrried out by

well treined and experienced opurators.

27. Insttention to detail and slow response to deviations from
target conditions can cause immediste difficulties which rapioly
gacalate to halt oroduction entirely for lung periods.

28, There exist in addition the hazarde sssociated with the
handling of molten metels and rlag, lesd rich dusts, and toxic and
explosive furnace gaess.

29. The feed r.eterials for the furnace are confined to thoee
available from the Broken Hill Mine and are relatively low grede and
variable by comperison with those available to tha majority of
Imperial Smelting Furnace's in other countries, where judiclious
puichase nf suitable ores from a variety of sources is possible.

As a result, a high proportion of gangue must be handled, which
1imite the furnace zinc output rate to a level which compares

unt avourably with that achlevad elsewnere. All other performance
indices are howeve: comparable with those of other licencees of the
prucess,

30. The plent was started up during the era of the now defunct
Federation of Rhodesia end Nyasaland and the acquisition of the
necessary skills in artisans and operatives was a simple matter as
they came from Great Britain, South Africa and the remainder of the
Federation., With the advent. of Independerce in October, 1964, it




bescwms the policy of the Zambisn Goverrnment, and the Compeny, to
snhancs the programme of Zembianisatinn and hence the training and
menning department was reinforced to cater for these needs.

31. While good progress has been made in the treining of locel
labour upto and including thz supervisory level of section boss it
hes not yet been possible to opermte without skilled expatriate shift
supervision, It is this aspect of the Imperial Smelting Furnace
which is of major significance to it's successful operation and is
dealt with in greater detail as follows.

MANNING AND TRAINING

32, The operation of a plant with a new process snywhere in the
world brings in it's train problems of manning and tralning. Ina
developing country these problems are compcunded and can vary from,
in the worst case, absolutely no pool of experienced Industriel
workers, to, at best, a moderate supply of workers with similar or
related experience, In Zambia at the time of the commissioning of
the Imperial Smelting Furnace in 1961 the Zambia Broken Hill
Development Company found itself in a position roughly half way

between these extremes,

33. The Broken Hill Mine and Plants ore the oldest Industrial
Workings in Zambia. Operatiors for the exiraction of lead, zinc,
cadmium, silver and, in earlier days, vanadium have been carried on
with a variety of processes, continuously since 1904, The plants

up to this time had generally been unsophisticated in design, calling
for & large body of unskilled workers, a small number of semi-skilled
operators and an even smaller guota of skilled or professional
managere, process controllers and maintenance personnel, The
unskilled work force was drawn from the indigenous population while
the Europeans supplied the needs of semi-skilled, skilled and
professional grades. All degrees of skill were therefore imported
through immigration, and in 1961 the Compeny had in it's employ
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adequate supplies of men at all levels of skill with industrial
backgruund, The more sophisticated plant design of the Imperial
Smelting Furnace merely altered the prevailing proportiona between
unskilled, ssmi-skillsd and skilled. Training for all the skilled
levels wss provided by selecting men of known and proven ability in
similar cepacities on existing plants and sending these to Swansea and
Avonmouth for training. Tiie indigenous unskilled labour force wes
merely drafted across to fill similar positions on the new plant,
though of course in lesser .umbers than had herelcrar been requirsd,
From this labour force a few uere selected for training in the
operation and tending of the simpler mechines u«hich had mechanised
the labouring functions, Thus the pattern was preserved and skill

reguirements would still be sought from ogutside the country.

34, In 1964 Zambia was granted it's indenendence wiih Government
in the hands ©v® the local population. Tha Europeans were now
foreigners (or as they soon came to be known 'Expatriates'), no
longer te be considered as part of the pool of the nation's

resources but merely short term fillers nf the country's needs.

35. Tne Company was now in the self samc position es any Company
attempting to start husiness in a fareign country, Thus it had to
reshape it'< manning structure to enable the local worker to progress

in an orderly fashion through all levels of the organisation,

36. The local worker, however, wss not capable at that tims of
supplying the needs through all levels of the Company. It wss
dscided, therefore, that Expatriatss would be utiliced as 'stop
gaps' for esaentially technical key jobs in the organisation until
such time as men of adsquate and equivalent technical knowlsdge and
ability could be recruited or trained locally. In fact in many
casss the expatriste opsrator was utilised ase the trainiry officer.

37. A labour survsy taksn at this time indicated that of the
total of 2,000 local worksrs smployed by the Company, approximately
1,200 were illiterate, that is illiterate both in English and their
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own tribal lenguage. Of the remainder, the hulk were literate only
in their tribal language and only two men at that time had & bettasr
than Form II (Standard VII) level of education. Further, it was
clearly illustrated that the prevailing manning and wege structure
with it's grouping of almost the entire local labour force into six
main wage/job categories had led to a frozen structure with little
or no progressions through the groups. Even recruitment at this
time had been absorbed into this thinking and vacancies in any group
wers filled direct from the recruiting line; thus preventing any
movement up through the ranks. (Appendix 2R)

J8. With this situation prevsiling a conversion, to alter the
Manning Structure based on the 'old' piinciples to the Structure
envisaged in the 'New Manning Structure', had now to be contemplated.
(Rppendix 28B)

39. Training, therefcre, had the rultiple task of correcting the
paat position and supplying future needs, and the following terms of
reference were laid down:

(a) The Training Depsrtment shall analyse and
determine work standards, train men to these
stendards and implement systems to ensure the
maintenance of ihese standards.

(b) Unlike the previous practice all present
incumbents will be considered eligible for
and receive equal opportunity to be trained
in the 'New Jobs',

(c) No 'presant incumbent' employee will be
demoted 0 a lower status of pay should

N he fail to measure up to the new standards
set, but will be carried as an incumbent
for pay purposes even should he 'slip down
the ledder' in the actual job he ultimately
tekes as o permanent posting in the New

Structure.




&0. To resclva the situstion in the Metsllusgical Departaente,
Job descriptions wers prepared of sll the jods sppesring in the Nen
Structure. Job Evalustion for wege grading wes schisved by the use
of e factor comparison manusl with points swearded per degree in sech
faector.

Gl. The factors svelusted included Cducstion, inistive and
responeibility, skill snd dexterity, snd the working ebility envd
conditions.

k2. From the job description s breskdown of the componentes of esach
factor of ths jobe was made. 3ome components ars common to sll the
jobs; some common to certain of jobs and %0 on up the scale, Thue

it was & fairly simple mattar %o group these components into a serise
of courses; ‘'Basic' for those components common to all, 'Secondary’
for all those components incorporated in sll the lowest ranges of
‘semi-skilled' operations and machine tending, 'Tertiary' for the

next range up end ‘Gpecislist' for the individusl sectionsl operstionel
Jjobs, Thus evolved a system of 'Layered' treining, sterting from the
bottum snd working up the Structure. Each succeeding course 'skimming
the cream' of the personnel of the procemding course end bullcding on
the fourdstion already laid. In uone operation therefors, the menning
structure was converted layer hy layer, the best men for sech job were
found and ear-marked, snd each individual kept progressing till the
limita nf his potential had bheen met; promotion routes were
established and trained men were made ready in each layer to teke over
Jobs 'abave' as and when vacancies occurred, Ffinally every man was
trained for at least the job he was holding and duplication of training
in training for different jobs was eliminated.

L3, To resalve the Engineering Maintenance problem an analysis by
trades of the components of skill acquired by an Artisan in the five
years of hls apprenticesnhip tralning was made. It was then
determined what parts, and how much, of this could e tsught in three

months of intensive workshop clasarcom trainirg followed by thraes
months closely supervised '‘on job' training. The skills thus
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guired vere forealione o being thees of & Nuchenic Greds 111.
Sotaman this, the lowsst level of tool weing skill, end full ertieen
®kille thres further gredes of Mechenic were ssteblished, nemely
Mechenic Grade I, Mechanic Grede 1 end Leeding Mechenic. Cech grede
in esch trede, being clearly defined with a job cutline and stenderds
S8t Dy trade tests, These job outlines snd trade tests ware
sventuslly collacted from all companies in the Mining Industr: ,
stendurcissd end published as the “echenic Training Menual for the
lemdien Mining Industry. But to continue et Broken Mill, Job Carde
ond Planned Meinterence Routines covering a three to sia month perisd
were scrutinised end it was established what proportion of sech
trede's work could in fact be cerried out by the Mechenic Grade 11}
cless of worver, The results wers of ten startling. For example

it was found thet of the total work called for from sech trasde the

following proportions did not require grester skill then that supplied
by this claes of worker.

Boilermaking ¢ GO
Fitting s ]
€lectricel s XN
Carpentry e N
Leaddurning + N
PI::T;%:;: Shest s W

b, Thus from these figures it wee possible to revise the

establistwment of the Maintenence Section to incorporete Mechenice
ond reduce Artisans, By plecing the Mechanics 1n crews under the
apervision of artisens, uho were NOw Tegardec as "asistent Foremen,
it was ponsible o ensure acecuste super.isin> of _ne Mechanics,
the meintenerca of their acguired skills and irstant avalledility
to the Mecrsnice end the Plent of the Assistant foremen's higher
skilles end instruction. The actuel trsining progresme followed




e sisilar pettern to thet aof the Metallurgicel Dspartment. &ith the
entire lccal labour force in Enginesring coming into a baslic course
from which selasctions for the Mechanic Grade III course could be made.

AS. Without going into e great des. of detail many difficulties
ware sxperienced tut ell cen bDe sald to be stiributed to two main
fectors - language and snvironment,

k6. To oeel with language first - noc one local language can be
used Deceuse there are too many of them, and although many Zambians
understand sither Bemba or Chinyenja it is not usual to find an
ungderstending of hoth, Further none of these languages are adequate
for expressing technical industrial or scientific subject matter.

For exemple, in the local language there is only one word . .ranslated
‘smoke’') to cover gas, vapour, steam, smoke or fume. The problem

of trenslating even a laymen's guide to vaporisation of zinc and it's
condensation in the condenser with a rough outline of the chemical
re-actions taking place becomes insuperanle. Je might get "The Zinc"
rock meets the “coke" smokg, angd bacomes "zinc” smoka and carbon

monoxide smoke, etc,, eto,

e, It should ba noted that because of the many language
difficulties tre lartian Gowernment mads Englisn the official
languege of the country. English because it was formerly an
English Colony, but any modern lenguage in use in an . Industriasl
Scientific envirorment would sarve.

o, Tne problem of envirorment ie of major importance. The
majority of the people still lesd an agrarisn life, with ¢
subsistence economy, utilising the simplest tools encd techniquss.
B8efore the arrival of the 'Curopesn' there was virtually no contact
with even tre simplest of modern technology. Schoaling for ell
clesses of the population nas been ronsiderably extended by the
lemien Govermment, but prograss in the Technologies cennot be
grester then the capscity of the student to ebsorbd such sducstion,
Sclences, such ss chemistry snd electricity can bae scceptsd on
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faith but not with complete understanding (spesking now of the bulk
of the population and their work place). To ask a man who has spent
19 of his 23 years in a peasant community (even if he has received a
few years of schooling in his village) to understand the purpose of a
fuse in an electrical circuit is to etretch his credulity to breaking
paint.

L9. The result is that for any training schemes to be effective
there has to be a supporting system of pure educatiaon. Initially
to provide literacy and ability in both English and Arithmetic, and
a8 men progress adding Mathmatics, Physics and Chemistry, all at basic
principle level. This education nas to be provided befare, during
end after job training and i3 in addition to the job theory such 8s
Technical Drawing, Workshops, Calculating, strength of materials,
Bookkeeping, etc. The purpose is to prepare the treainee to be able
to understand the instruction he is about to undergo, to provide him
with fringe and background kncwledge while he is being trained and
enlarge his grasp of the concepts he 1s utilising after he has been
paosted.

50. The results achieved are best illustrated graphicelly.
Appendix 3 shows the changing pattern of Zambian employment, In the
operative gredes in 1963 about half of the Zambian employees were
labourers and helpers and the other half only semi-skilled, whereas
in 1968 some supervisory and skilled catsgories appear at the
sxpense of the lahourer. A similar pattern is i1llustrated in the
maintenance fleld where a large increase in the number of mechanics
appears at the expense of the halper class.

S1. Appendix & is3 more significant in that the total expetriate
operating and maintenance staff was 45 in 1963 (in the Imperial
Smelting Furnace Plant); at the end of 1968 this total had been
reducsd to 23 by training. The Zambian latiour force was increased
from 113 in 1963 to 160 in 1968.
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ENGINCERING

52. Because cf the nature of the process, s feirly high proportion
of automatic control equipment and instrumentetion is necessary for
control purposes. In addition, apscial materials such as elloy and
refractories are used to withstand the high temperatures and the
viclent action and extraeme conditions within the furnace and

condenser systems, Practically every sectian of the plant is inter-
dependent, each unit following the other with very little standby
equipment, so that in order to be economic a very high plant
availability must be realised.

53. The maintenance crews carry out all normal running
maintenance. However, since mpst of the equipment is mostly in
operation it is necessary to shut the plant down completely at
regular intervals (Letween ten - fourteen days) for cleaning
purposes and to carry out any preplanned maintenance or modification
desired, Depending on the nature of such work, it is more than
often necessary to augment the labour force by transferring labour

from other sections of the plant.

54, At approximately yearly intervals a furnace shaft cleanout

and major rebuilding of ths furnace is carried ogut. The shutdoun
periods can vary between fourteen and thirty days depending on the
nature and extent aof the work to be carried out and again the artiaan
labour force must be increased. In developed countries the source of
such extra labour ie from contractors who specialise in the type of

work .

55. In Zembia the company muet provide this labour, which is
dong from the other plante, but on thase occasiona the requirements
cennot slweys be met and shut down labour remains a problem,

However, by training mechanics to increase their skills, it is hoped

that the problem can be overcnme in timse.

56. Because the process is relatively new the degree to which
the incorporation of new ideas by modification takes place is
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naturelly greeter than in sny setablished process. The company
therefore, also provides for Design and Profassionsl Enginesering
services.

57. Flant availability being of paremount importance to the
esconomic operation of the Imperisl Smaelting Process, the services

of well equipped enginesring workshops is essential, There ars,
therefore, e boilershop, machine shop, carpenter shop, electrical
shop, transport garage and foundry capable of underteking work at

very short notice. These workshops are staffed by some forty-ning
artisans and fifty-four Zambian mechenics, of which some forty percemt
is devoted to work for the Imperial Smelting Furnace.

STORES AND MATERIAL SUPPLIES

58. The supply of stores, squipment and materials, presents one
of the major difficulties faced by a compeny ocpersting fairly
sophisticated planta many thousands of miles from the source of
supply.

59. ODuring the existence of the Federation of Rhodesis and
Nyasaland, most of Zambia's requirements were met guickly and cheeply
from Rhodesia and South Africa. Since Rhodes.a's U.D.1. however,
and Zambia's desire to divorce herself from dependence on her Southern
neighbours, alternative sources of supply have ned to oe fourd, In
the traneition period, therefore, it has become absclutely essential
to reeet realistically levels of stores held on the mine with &
sufficient margin to cover emergencies. The immediate effect of
this was the increase in the cost of stores stock holdings by soms
tuenty-saven percent to cover the resultant much longer delivery
periods.

METAL SALES

60. Zinc
Between 1962 and 1964 sales wers shared sgqually between
Central/South Africen Markets and Overssss. Ths sdditional demend




by the South AMfricen merket in 1963, dus to the incresss In the
South Afpicen Stockpile, declimed untll October, 1968, when the
South Africen Goverrment benned the importation of z2inc by reil,
Ninety percent of (ur proouction will be sold overseas in 1969,

6l. Sales Price hetween 1962 snd Auguat 1966 was Desed on the
London Metel fxchenge Prices. Seles nave Deern at “roducer Price
since August, 1364 sna have declirwd from K220 per long ton in
Septemher, 1964, to R19b per lung ton in 1968 dus mainly to world
snpply position. (one kwscha = ,l.4),

62, Metal is sold f,o.r. Kahwe for Certrel snd South Arrirgn
Lustomers and c,i.f, for Uverseas Customers, ar, tlvergence Detween
sales in Africer and Cverseas, reflecting sn increase 1~ the latter,
does lncur Qreater costs dus to Realisstior Charges on c.i.f. sales.
'nis has Now Decome fact dus to the South Africen withdrawsl end
Healisation Costs will De incressed considersbly in 1969,
L tepd

In 1962 the mejority of sales wers to 3outh Africe but South
Africen Saless decressed in 1963 in spite of the edvent of consigrment
stacks provided for the benefit of South African Custowers.

b, The Sales Price 1s nesed on the London Matal Exchange Pricen «
either the dsily orire or the averege cash sellers price for the
moNth precesding shipment,

69, The Lunaoun mMetel Exchange Prics for lesd rose from MI00 per
long tor 1n August, 1964 to M3L12 per long ton in February, 1968,
This price fell wesy to ®lbk in 1967 end although this reeched e
pesk of K18l i~ December, 19€d, the ».erege for 1968 was K179,

66, Ag in the case of 1inc the sales mix of Africen Seles
(f.0.r.) end Oversess (c.i.7.) is importent as any increase in
ODvervess Sales decresses the prafit margin,

67. Tre fact of lsmbia baeing some 1,300 miles from tre neerest
ports of Beirs end Lourenco Margues in Portuguese Eaest Africs
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prosents seny problems, perticulsrly ee all treffic hes to pess
theough Rhodesis.

68. In trevelling through three differant countries three
reilvmy companies are invoived, eech presenting it's own problems
of lenguege, currency and difficulties with Rolling Stock,

. The major difficulty arose following U.D.I. in Rhodasias end
the bdresk-up of the Rhodesia Rallweys, All cargo trevelling south
is pald for in sdvence end trucks asre sachenged one-for-one at the
Rhodesien border. Tris lesds to conqestion at Livingstone when

trucks on elither alde aof the border are not available for exchange,

0. Fallowing the formetion of a separate ‘ambim Aailways
gifficulties were encountered due to the shortage of “olling Stock
workehaops and exparienced staff. All locomotive repeirs had to be
corried out in Ahodesis and at one period in 1968 thare .as a
desrth of locomotives in ambis due to a series of breakdowns,

71. For these remscrs it has heen exceedingly difficult to
maintein sny cortinuity with regard to ithe despaich of goors from
the Mine, In order to compensate for this, 1t was necessary to
increase consignment stocks far Soutn Africen customers and increses
our Stockplles at both Belrs and Lourenco Marauss, The jatter
resulted in an incresse of the Port Ltockpile in 1968 5y, 17,000
tons, Not only are Reslisation Coste increased, due to Port
Storage Charges, nut there is also the considerable loss in Revenus
from unsold stocik,

2. Appendix 5 Jemonstrates (he changing pattern of metal sales,
Of the totel metal proouced, greater proportions ere being sold
outside of Africe, In ssriier ysars the major customer was South

Africe, but since production gf their own z2inc reguirements in
1969, more salas heve beer dirscted cverseass.




CONCLUSION
73. Thera are many plenta constructed snd successfully operated

in remote parts of the uworld, The operation of the Imperial
Smelting Furnace in Zembim is little different, and given the right
climate in tarms of skills and supplies, there is no reason why
opsrations should not continue to improve.

U Perhsps this latter point is better demonstrated graphically.
Appendix 6, shows the graduel increase in metal production since the
plent was commissioned.
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